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® An X-ray intensifying ecreen baaad on a tantmlata phos- 
phor, aaid phoaphor having tha monodinie M' atructura and 
aalactad from tha following: 

(a ) YNbaTa t-A where x ia 0 to about 0.1 S; 

<b) LuNthiTa^ where x ia 0 to about 0 1; 

1c) Y,.yTrr*Ta0« whara y ia 0 to about 0.03; 

(d) a aoifd aoiution of (a) and tb|; 

(a) e solid section of (a) and (c); 

tf> Y ,. y Tb0« whara y ia about 0.001 to about 0.15; 

<g I Lu (HrTbyTaO. whara y la about 0.001 to about ai 5; 

(hi Gdi-yTbyTaOL where y is about O001 to about 0.16; 

0) a aolld aoiution of at laeet two of <«, (g) and (h); 

(jl any of (a) to <i) wherein up to 4S mole percent of tha 
yttrium, lutettum of gadolinium ia replaced by lanthanum; 

(k) any of (a) to (i) wherein up to 16 mole percent of the 
yttrium, lutatlum of gadolinium ia replaced by ytterbium; and 

0) any of (a), lb), 1c). (d) and (a) wherein up to 15 mole per 
cam of the yttorium or lutettum ta replaced by gadolinium. 

The invention alao indudee a process for produdng tante- 
lata phoaphore which Inveivee mixing the precureor oxides 
with a flax comprising U,SO,. UQ, or a eutedtic mixture of 
Badt/UC. and firing at a temperature below 1460*C 
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X-RAY ICTEKSITO KG SCHEBB BASPn n» , ~™ TfUrTr 
PHOSPHOR AND pwcxass POP. r.konnnTw g TE5 pgosp^p 

This invention relates to the preparation cf a 
luminescent material and to the us* of tha material in 
X-ray intansi tying screens. 
Sa^k ground Art 

X-ray intensifying screens are generally used in 
conjunction with photographic fils and serve to orh-nc- 
the iugi formed on the film. Phosphors which «*• the ■ 
active components of such screens should be clear, 
celoiless, single phase materials, crystallizing L 
polyhfdrcl shape of wall defined habit so as to mini- 
mize any scattering of the light, generated by the x-myi 
Generally, the phosphor particle size should be about 
3 to 10 ua> and the surface area chould be about 
0.075 to 0.300 m 2 /g. Moreover, tin phosphors should 
be good absorbers of X-r*y radiation of the energy us-d, 
they should emit light strongly m the region of the 
»F»Ftrw to which the filn ic sensitive, and they should 
provide eharp, uudistorted film imager.. while there 
arc many knowr. tutorials which exhibit iuwln^cenr.e, 
fav have the combination propsrfriec necessary to'mi'.e 
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•useful in X-ray intensifying screens. For example, 
the Boat widely used phosphor for X-ray intensifying 
screens for many years' has been calcium tungstate; 
it is the standard, by which other phosphors are 
judged. In recent years several other phosphors ha«e 
been proposed for possible use in X-ray intensifying 
screens, but the number is small compared to the total 
jiUEber of phosphors which have been discovered. 

Blasse and Bril (j. 0 f Luminescence 109 
(1970)) describe the cathodo- and photo-luminescent 
properties of various 'iT&O^ OdTaO^ and LuTaO^ 
phosphors, including those in which some of the 
tantalum is replaced by niobium or some of the 
yttrium is replaced by rare earth substitueats . These 
15 materials all have the fergusonite M-type structure. 
It has been recognised that these materials r^ve two 
polymorphs, a monoclinic (12 sp ft ce group) structure M 
at low temperatures and a tetragonal (scheelite-type 
structure with space group I^/a) at high tempera-' 
20 tures. Transition between these two forms is* 
instantaneous and reversible, g. M. Wolten and 
A. B. Chase (The American Mineralogist 52, 1536 
(IS67)) report that this transition occurs at 1325°C 
in YTaO^. They also discJose a new polymorph of 
25 yttrivja tantalate and related rare earth tantalatesj 
if the material is crystallized below the transforma- 
tion temperature, a different monoclinic structure 
(called MV phase, with space group P2/a) results, 
which M' phase can be converted to the M phase by 
0 heating above l400°C and then cooling to below 1325°c. 

It is believed that there ?s no prior art 
on the luminescent properties of the N* -phase materials 
under ultraviolet or X-ray excitation. 
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Brief Description of the Drawings 0011909 

Figures ia and lb depict, respectively , 
M'-type YHb o>O5 Ta 0<95 0 4 of the instant invention, 
made as disclosed herein, and the scanning electron 
5 micrographs of M-t*ype ™* 0 .O5 Ta 0.95 o 4» rcade via 
conventional ceramic techniques, * for example, as 
disclosed by Dlasse and-Eril, loc. cit. Figure 2 
shows diffractoaetcr scans of X-ray powder 
patterns for M-type YTaO^ and M'-type YTaO^ . Figures 
10 3a and 3b show the Raman spectra for M-type YTaO^ and 
M'-type YTaO^ respectively. Figure 4 shows the 
calculated X-ray absorption of 1S5 yi layers of M'-tyne 
YTaO a , GdTaO^ and LuTaO^ and of CaWO^. Figure 5 shows 
the comparison of the luainescent emission spectra 
15 under X-ray excitation for M'-type YJfb Q 05 Ta Q ^0,, 
and CaWO^. Figure 6 ?hows a cross section of a 
typical X-ray intensifying screen. Figure 7 shows 
plots of resolution V3. total phosphor coating weight 
for X-ray screen pairs of the instant invention and 
for X-ray screen pairs prepared in a similar wanner 
from CaWO^. Figure 3 shows the calculated X-ray 
absorption for the screen pairs of the instant inven- 
tion and -for those of CaWO^, the screen thicknesses being 
selected so as to give the same resolution. Figure 9 
25 shows plots- of relative speed vs. resolution for X-ray 
screeij pairs of the instant invention and the screen 
pairs of CalJO^ prepared in a similar manner. 
Description of the Invention 

It has been discovered that certain substi- 
30 tui,ed yttrium, gadolinioa and lutatium tantalates. 
which crystallize la a monoclinlc M' structure, show 
improved X-ray to light conversion efficiencies, 
cor^pared^to those of the hosts, to those of moncclinic 
M-structure compositions of the sana formula and to 
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these of the cccunonly used comnercial phosphor CaWO^. 
More over ^ it has been found that substitution of 
appropriate anounxs of niobiun for tantalus signifi- 
cantly enhances the blue fluorescence of M 1 -structure 
YTaO^ and LuTa.0^; that substitution of appropriate 
amounts of thulium for yttrium significantly enhances 
the blue fluorescence of YTaO^; and that substitution 
of appropriate anounts of terbium for yttriun, 
lutetiun and gadoliunt in M 1 -structure YTaO^, LuTaO., 
and GdTaO^ results in strong green fluorescence. 

According to the present invention therefore 
thfcre is provided an X-ray intensifying screen which 
includes a phosphor as the active component characterised 
in that the phosphor comprises a tantalate having thf» 
monoclinic H 1 structure and having one of the following 
general fonrtulae: 

(a) YNb x Ta l-x°4 ^here x is 0 to about 0.15; 

(b) I,uNJ \ Ta i-x°4 v? here x is 0 to about 0.2; 

(c) *i-y Tm y Ta0 4 where y is 0 to about 0.03; 

(d) Y- „Tb TaO- where v is about O.OOl to 

1-y y 4 

about- 0.15 ; 

(e) Lu, Tb 'faO- vhera y is about 0.001 to 

x jr y • 

about 0.15; 

(f) Gd. .Tb TaO- where y is about 0.001 tc 

about 0.15. 

Certain of the t&ntalates defined above may be used 
in the form of solid solution* as phosphors in X-ray 
intensifying screens, specifically solid solutions of the 
tantalates (a) and (b) or (a) and (c) or solid solutions 
of at least two of this tantalatcs (d) . (e) and (f ) . 

. As d^sccibed in ;uore detail hereinafter, according lo 
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modification of the invention, in certain of the above 
tantalatee, a part of the yttrium, lutetiurc or gadolinium 
may be replaced with lanthanium or ytterbium or a part 
of the yttrium or lutetium may be replaced with gadolinium. 
This may bo advantageous in some circumstances. 

The blue or green rluorescing luaiines cent- 
substituted phosphor used in this invention has the 
rnonoclinic M' structure and is selected from the 
group consisting of; 



(a) 

(b) 
(c) 
(d) 
(e) 
U) 

(9) 
(h) 



Wb x la l-x°4 
LuNb x Ta l-x°4 



where x is 0 to about 0.15) 
where x is 0 to about 0.2; 
where y is 0 to about 0.03; 
a solid solution of (a) and (bj ; 
a solid solution of (a) and (o) ; 

where y is about 0.001 Lo 
about 0.15; 

where y is about 0.001 to 
about 0.15; 

where y is about 0.001 to 
about 0.15; and 
a solid solution of at least two of (f) , 



Y l-y Tb y TaG 4 



Lu i-y T V a0 4 



Gd i-y Tb y T£l0 4 



(i) 

(g) ana (h) . 

The luminescent phosphor is useful in X-ray intensifying 
screens. 

The blus-fluorescing pbnsphor ubed in this invention 
irclnues: 

(a) the Nb-containing yttrium tantalate of the 
formvla ^ Nh x 'Pa 1 . x 0 4 wheire x is 0 to about 0.15, preferahly 
about O.ool to about 0.15. more preferably about 0.02 to 
dbout C.10, most pxoferably about 0.05; 
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(b) the lib- containing lute ti urn tantalate o?^Ue 
formula LuNb^a^O^ where x is 0 to about 0.2 , pre- 
ferably about 0.005 to atjout 0,2 i more preferably 
about 0,02 to about 0.05; 
5 (c) the Tm-containing yttriimi tantalate of the ~~ 

formula Y 1-y |Tte TaO^ where y is 0 to about 0.03* pre- 
ferably about 0.001 to about 0.03, more preferably 
about 0.002 to about 0.01, most preferably 0.005; 
(d) a solid solution of (a) and (b); and 
10 (e) a solid solution of (a) and (c). 

The green -fluorescing phosphor used in this 
invention includes; 

(a) the Tb-containing yttrium tanralate of the 
formula Y L- yTb y Ta0^ vrt'ere y is about 0.001 to about 

15 0.15, preferably about 0.005; 

(b) the Tb-containinc lutetiun tantalate of the 

formula Lu. TbJTaOi, wher« y is about 0.001 to about 
x-y y 

°*15j preferably about 0.005; 

(c) the Tb-ccnt&inins gadolinium tantalate of 
20 the formula Gd 1-y Tb y TaO^ where y is about 0,001 to 

about 0.15, preferably about 0.03 to about 0.035; 
and 

(d) a solid solution of at least two of (a), 
(b) and (c).' 

25 'Itoe phosphor useu in this invention has the 

monoclinic M 1 structure, wich P2/a space group 
symmetry, and exhibits greater luminescence than 
related materials having the monoclinic M structure 
with 12 space group syinnatry . Differences in 

30 physical char acterir tic* of M- and M f -phase crystals 
make the two materic'-ls easily discernible. The K- 
ph*se crystals made by the ^foresaid, previously 
described, known solid state procedure grou in 
irregularly- shaped pieces, whereas the M' -phase 

255 crystal J- m.vae !:y tb* picceca of this invention grow 
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in regular, near 20' polyhedral particles or narrow^ 
site distribution. This difference can be seen in 
the scanning electron micrographs of the two types 
of materials (depicted in Figures la and lb). The 
5 M material (Figure- lb) has a surface ?rea of 1.3 n 2 /g 
and a particle size of 0.5 um. The M' material 
(Fig-.ure l a ) has a surface area of 0.19 m 2 /g and a 
particle size of ft. 2 jjsi. The surface areas reported 
herein were measured via krypton or nitrogen gsa 
10 absorption in a "MLcroauratics" surface pore volume 
analyzer. The particle sizes, unless otherwise 
noted, were calculated from, the measured surface 
areas using the formula 

15 Far tic Is size {pn) - - §^ 

Surface area >; Density 

Unit cell parameters obtained from single 
crystal X-ray diffractometer measurements show that 
the b-asio and unit ceil of the M« phase are approxi- 

20 wateiy half those of the H phase. X-ray powder 
diffraction patterns show marked differences, as 
seen from the comparison of the patterns shown in 
Figure 2 for M-type YTaO^ and M'-type YTaO^. Dif- 
ferences in the crystal structure of the .two phases 

25 also affect the Raman spectra as shown in Figures 
3a and 3b depicting M-typc YTaO^ and M»-type YTaO^, 
respnctively. 

The invention process provide* the M : -type 
lupines went material,- defined above, as uniform, 

30 colorless, single-phase particles having a surface 
area of about 0.075 to 0.3C0 n 2 /s and a particle size 
of r.bout 3 *o 10 our, which material can be directly 
incorporated into an X-ray intensifying screen without 
additional processing. The invention procec3 consists 

35 °f first blending stoichiometric quantities of 



BAD ORIGINAL 



8 

appropriate oxides from the group Ta 2 0-, IgO-s, GdgSJJ ' 
LUgQj, Nb 2 0 5 , a 1 n 2 0 3 , TbgO, and Tb 2 ,0 ? , in a sjex* J 
oscillating-type shaicer, for about 10 to 20 routes. ' 
This mixture, in a container which is inert to the 
5 ingredients at process conditions, is then prefired 
in air at about I0OO°C to about 12C0°C for about 10 
to 14 hours. The container can be of a noble metal, 
but alumina is preferred because of its lower cost. 
The prefired material is then mixed v/ith a flux 

10 ccr.priuing LigSO.,, pure LiCl cr a BaC^/LiCl 
eutectic (f=ee C. Sand on in i , gazz. Chirr, ital., 
383 (191*0 )> with the weight of the flux equalling 
1/5 to 1/2 of the total weight of the mixture. The 
resultant mixture is then fired for at least about 3 

15 hours to about 24 hours or more at a temperature of 
about 110O°C to less than about 1450°C, such as about 
1100°C to about 1300°C. The luminescent product is 
recovered by water leaching* filtering and washing and 
then dried. The particle size and uniformity of the 

20 phosphor, made according to this process, is show in 
the scanning electron micrograph depicted in Figure la* 

Alternatively to the above, the prefiring 
step can be omitted, particularly uhen Li^Ojj, is used 
as the: flux, and the appropriate oxides which are 

2* bXended and mixed directly with the flux can be fired 
as indicated above. Without prefiring, longer firing 
tines, for example,; at least about hours to about 14 
houis or more, are preferred and advantageous . 

The luminescent product is formed in *he 

3C 14 1 phase by crystallizing the mixture below about 
1^50°C. Therexorc, care aust be token to fire the 
mixture below this temperature. As indicated above, 
a firing temperature of about 1100°C to about 1300°C 
is used, with a temperature of about 1200°C being 

y\ "pi'^-I arr-.d . 



BAD ORIGINAL 




10 



9 

r '0 I 1 909 

The invention herein provides X-rav 
intensify Lag screens wherein the phosphor of the 
screen is as defined above. Especially surprising 
Is the performance of the phosphor with the M' 
structure when used in an X-ray intensifying screen. 
It shows an emission efficiency which is superior 
to compositions of the same formula but of the M 
structure; it also is superior to CaWC^,. When 
used in an X-ray intensifying screen the phosphor 
converts X-radiation into photons which are nore 
readiJy captured by a photographic emulsion to 
provide a permanent record. 

The first step in this conversion process 
is the absorption of X-rays by the phosphor. Figure k 
15 shows the calculated fraction of X-rays absorbed by 
185 jm layers of M'-type Yl'aO^ GdTaO^ and LuTsO^ and 
of CaffOj,, (the latter employed as a standard for 
comparison herein) over the X-ray energy range 
commonly used in radiography. It may be seen that 
20 for thie thickness, which is typical of the phosphor 
content of pairs of screens commonly used, the 
tantalate screens of this invention offer improved 
X-ray absorption. 

The second step of this conversion process 
25 is the emission of light (fluorescence). In many 

applications it is desirable to have higher efficiency 
of emission than that shown by CaWO^ Li order to reduce 
the X-ray exposure required to for-: a radiogram. The 
efficiency of light emission is indicated by the are* 
30 under curves such as shown in Figure 5 where the 
luminescent eirissicn spectrum (A) or a preferred 

composition *H* 0 .05 Ta 0.95 c V unAer :: " ruy ex -** a «i°n; 
is shown along with, fcr comparison, the luminescent 
eai&sion spectrum (B) of a coiuaercial CaWO,, X-ray 
35 phosphov, rr.der the same conditions of excitation and 
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raeasurese.nt . The phosphor used in this invention- 
a more intense: emission pattern. The omitted light 
must be captured on th§. filKi. Photographic emulsions 
most commonly used in medical X-ray applications shov; 
5 a generally uniform response to radiation in the range 
350 to *!00 nm. Beyond hOO nm sensitivity becomes 
progressively lower; it virtually disappears beyond 
about 470 nm. YTaO^ and th* Nb- and In-containing 
compositions herein shov strong blue band emission 

10 and peaks around UOQ nm and are nore effective, when 
used v/ith conventional filar., than CaWO;,. LuTaO^ 
and the Nb -containing compositions also show strong 
blue band emission". Tb -containing compositions of 
YTaO^, GdTaC^, LuTaO^ and solid solutions thereof 

15 shov; strong green emission around 500 nm, thus making 
them effective with X-r?y film which is sensitive to 
such radiation. 

In a typical X-ray intensifying screen the 
powdered phosphor composition, as a thin layer, is 

20 adhere* to a flexible support, such as cardboard or 
a polyester film, by means of a polymeric binder. 
The phosphor-binder composite can contain about 85* 
to about 96^ phosphor, by weight. The phosphor layer 
is typically coated onto the support at a wet thickness 

25 of about 0.005 inch (0.0127 cm) to about O.050 inch 
(0.127 cm). The phosphor layer composition can be 
prepared, using common dispersion techniques, in any 
conventional binder. This is usually accomplished by 
be 12 -milling the phosphor, binder, solvent and other 

30 adjuvants fcr an appropriate period of time. The pro- 
cedures and useful binding agents are fully described 
in She prior art, for example, U.S. Patents 2,648,01>j 
2,8i.9,1^5; 2,907,682, 3,0*3,710; and 3,895,157. 

Optionally, it is frequently dec liable to 

35 overco&i, the phosphor layer with a thin, transparent 
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r.^ucivs lay- * permit clawing. Ua.rui pr&0J-1 909 
tiv* layers are also described in the nrior art 
..uch as the aforesaid United states patent, jj is 
sometimes also desirable first to coat the flexib^ 
b support (that is, beneath the phosphor} with r. i Jht- 
reflective layer, such as a white pigment, to further 
intensify the light output of the screen. Reactive 
layers are well- ta ov/n in the X-ray screen art]' Those 
such as discloced in U.S. ?,.tents 3,0*3,710 ard 
3,395,157 are particularly v.eful. m * ctuml US6 
the phosphor-coated sheets ,re usually nressed against 
both sides of a photographic fiLa with emulsion on 
each side. Such a pack with phosphor coatings 
adjacent to photographic emulsion coatings is held 
15 in a film cassette for X-ray exposure. 

Figure 6, a cross section of an X-ra« 
intensify!^ screen et this invention, s hows ^ 
support 1, the reflective layer 2, the phosphor laye. 
20 LTt * rotective ^tmg ft. Conventional supooris 
20 which can be used include cardboard, suitably *i z \ d 
or coated, for example, with baryta, cellulose 
acetate propionate, cellulose acetate, cellulose 
propionate, cellulose acetate butyrate, poiy(vin-i 
chloride or vtoyl acetate), polyamide, metal sheeting 
*5 for example, alumiaun, and pol 7 (ethylene terephthaJar'e), 
the latter being a preferred support. For use ir. an 
X-ray intensifying 6crcen , the support m% ^ 

*MJo X-^8^_ae_support^y_ha Ve> for e x^le, a " 
tnickneae of about 0.00025 inch (0,000c* cm) *. 0 about 

30 0.30 tach (0.76 cm), with films having a thieves uo 
to about 0,02 inch (0.05 ca) being preferred. 

The choice of screen thickness peweraiiy 
involves a trade-uff between variables such as 
resolution and i^aac noise. Thin screeno have ^hc 

3? advance of high resolution, our suffer from hirh 



BAD ORK3INAL 



Image noise which is due in par*; to the fact that^ 1 909 
they absorb a smaller fraction of the incident X-rays. 
Figure 7 shows the relationship between resolution and 
total phosphor coating weight for CaWO^ and for 

5 YNb o < 03 T£L 0.97°4 when a ^ &ir of scre2ns is used to 
iioage blue-sensitive, Cronex 0 4 X-ray Film with a 
conventional X-ray unit operating at 60 KVp, 2 mAs. 

Surprisingly, the *N b o.03 Ta 0.97°4 screen P air provides 
a superior result since, for the seae resolution, a 

10 substantially higher coating weight can be used. This 
results in much higher X-ray absorption, and hence 
lower image noise, for the same resolution. For 
example, a pair of Cronex G Par intensifying screens 
mfcde with CaWO^ has a phosphor content equivalent to 

15 pure CaWO^ having a thickness of about 84 jum. Com- 
mercial-type screens made with YNb Q ^Ta 0 ^(fy* and 
having the same resolution, contain the equivalent of 
phosphor having a thickness of abou* 124 jam. Figure 8 
chows the calculated X-ray absorption for both 

20 materials, the latter being shown on the figure as 
YTaO^rNb. Over the range of importance in most 
general -purpose radiography, 40-100 kiloelectron volts 
(KEV), the YTaO^rNb screen has almost twice as much 
X-ray absorption as CaV/0^ of equivalent thickness and, 

25 thus, provides the possibility of reducing the X-ray 
exposure to almost half without increasing the image 
noise. 

One measure of performance or an X-ray 
intensifying screen is the speed (rjialogous to photo- 

30 graphic speed), that is, the optical density achieved 
after X-ray exposure of a film in contact with the 
screen. This has been determined hy measuring the 
density of blackening of the X-ray film after exposure 
of such film in contact with the screen in accordance 

3> with- the procedure carried out as set forth below. 
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The phosphor is sieved throuah a >400 mesh 
sieve (U.S. Sieve Series) aad the following coononents 
are introduced into a 1 5 cc-vial containing eight 4 mm- 
dianeter glass beads (see U.S. Patent 3,0^3,710) : 
6.19 g of rab 0>05 Ta 0t95 O u phosphor (the amount 
will vary directly with the density of the 
phosphor) 
1.00 ral of butyl acetate 
2.5^ S of polyvinyl butyral binder. 

The resultant mixture is shaken on a Spex* 
oscillatory-type shaker for 15 minutes, then 
icuuediately coated on a pigment board using a Goodner 
mechanical coater and a 10 mil (2=4 jzu) draw-down 
15 knife. The resultant coating is dried in air for at 
least 15 minutes to give a dry coating of 5 + 1 ail 
(130 .urn + 25 um) in thickness. A 1 inch x.l'l"? Jen 
(2.34 x 3.81 cm) sample is cut from the coated beard 
and mounted on a pigment board with other samples and 
20 standards for exposure tests. 
3. Sample Testing 

The pigment board with the screer, samples 
attached is ir.serted into an 8 inch x 10 inch (20.3 
cm x 25.4 cm) cassette containing a sheet of hi eh 
25 spsed medical X-ray film, in this instance Du Pont 
Cronexf* K film. An X-ray exposure of l.o mA3 (at 
80 KVp) is made at a distance of 25 inches (63.5 cm) 
from a tungsten source filtered by 1/k inch (6.35 ma) 
thick aluminum. Tha film is then removed and rro- 
30 cecsed in an automatic rapid procasser which J, 

operated at 33 °C and contains tha standard p-ST-me thi- 
amine hydros ulfate/hydroquinone de.-elopw, with a total 
processing tine cf 90 seconds (to develop, fix, wash 
and dry). Eho optical density of whe expos 2d and 
35 developed ?iln is determined usSng a ffecSet* digital 
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densitometer, recorded as the "speed" and quoted^ 
relative to the density of an identical exposure made 
with a cocaercial Crone:* Far intensifying screen 
cade with CaWO^. 

As a result of irspioved X-r?y to light 
conversion efficiency, the speed of the X-ray 
intensifying screen mads with the aforesaid M»- 
structure phosphor is higher than that r*de with an 
M-structure phosphor of the sair.e forr.ula and of a 
similar coating thickness. Screens cade with the re- 
structure phosphor containing an appropriate ascunt of 
the activator or intensifies Nb, or Tb are faster 
than those =ade with a siciiar phosphor coat ins which 
does not contain the activator or intensifier and 
they are faster than the coranonly used CaVO.. . This 
increased speed is important for applications in which 
lovrer X-ray exposure is desired. 

It is sometimes desirable to adjust the 
speed of a screen in order to better x&tzh r.he ' 
sensitivity of a particular film or to achieve a 
particular radiological objective. Since it is 
difficult to adjust the speed of a phosphor such ?.z 
CaWO^, screen adjustments, for cxasple, slower speeds, 
are achieved by adding a dye to the screen; however, 
this can result in ljcage noise being produced. There- 
fore, it is far more desirable to adjust the speed of 
the phosphor. The speed of the instant phocphor can , 
be adjusted,, over the range of interrelate speeds, 
between the highest speed measured and reported herein 
for th<? instanr. phecphor and the speed of C5.:%, or 
even lower, by changing the concentra7i?n of t:«'e 
activator or intensifler or by jnai^g an appropriate: 
addition of certain othar rare earth elements. The 
dependence of speed on activator concentration 13 
iaoderately otrr.r^ and control of spn«d 5n tltis c«nij(»f 
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requires very careful control of activator concTn?rU 909 
tion. The dependence of speed on the concentration of 
tho certain other rare earth elements is canciderabiy 
weaker and the use cf such elements provides a con- 
5 vaiienf way cf aatoing phosphors with a substantially 
continuous range of speeds. The speed of tne instant 
phosphor cun be slowed by replacing up to about 15 
mole percent of the yttrium, iutetium or gadolinium 
with ytterbium. For example, the addition of Yb to 
10 the preferred IHj .containing yttrium tantaiate results 
in the phosphor of the composition Y, Yb Nb Ta n o,. 
where y is 0 to about 0.15. If y ia 0 in thii. fox-mull * 
that is, if no Yb is present, it can be seen that the 
rer.ultant compound represents an embodiment of the 
15 previously described YIib x Ta.. ^ . As y is i^ea^d, 
the speed of the phosphor decreases until, when y is 
about 0.1, the speed is about ea.ual to that of the 
CaWOj. screen. Further increase in y results in further 
decrease in speed. The speed of the instant phosphor 
cen also be slowed by replacing up to about 45 mole 
percent of the yttrium, Iutetium or gadolinium with 
lanthanum. For example, the addition of Li to the 
preferred Nb -containing yttrium taataiate results in 
the phosphor of the composition Y. La^Jb Ta 0 
where y is 0. to about 0.45. If y~is 0* in this 
formula, that is, if no La is present, it can b3 saen 
that the resultant, compound represents an embodiment 
of the previously described ^b x Ta 1 _ x 0 u . As y is 
increased, the spesd of the phosphor *s de--reecod end 
v.ksa y reaches about 0.4, the snebd is about equal to 
that of the CarrO^ screen. Further increas* in y 
results in further decrease in speed. 

The speed cf the instant blvc-«mittin^ p-ios- 
phcr can be slowed by replacing up to about lb mole 
35 percent of the yttrium or iutetiur w-t.xh gacli-'u*. 
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For example 3 the addition of Gd to the preferred tfb- 
contaiiiing yttrium ^ar-taiate results in tne pnospftor or 
the composition Y^Gd.^Nb. q^ Tt "q 9*°k where y is 0 to 
about 0.15. If y is 0* in this foruula, that is, if no 
Gd is present, it can be seen that the resultant 
compound represents an embodiment of the previously 
described YNb Ta n _^0 /; . As y is increased, the speed 
of the phosphor decreases; when y is about 0,08, the 
speed is about equal to that of -che CaWO^ screen. 
Further increase in y results in further decrease in 
speed. 

Some luminescent materials exhibit an 
undesirable delayed fluorescence (sometimes called 
"afterglow", "phosphorescence" or "lag") that results 
from unexplained, but much slower, secondary emission • 
Delayed fluorescence becomes a problem only when the 
phosphor screen is used in rapid succession for 
several fil^s. Afterglow which persists for times 
longer than that taken for the film change will then 
impose a prior image as a ghost on the succeeding 
film. Net lag (that is, lag minus background) is 
absent in screens cade with the more preferred 
V*Nb Ta. Oi, where x is about 0.05. 

X JL— jC *t 

Lag is determined by exposing the screen 
sample to kOO mAs (80 KVp) X-rays from the same 
tungsten source described above, but without the 
aluminum filter, and then, after 15 seconds, contacting 
th*» screen sample with a fresh piece 01* f ilm for 10 
minutes. The film is then -developed and the optical 
dcrsity is measured as described above. The optical 
donsity so recorded is the lag. 

Background is determined by exposing a pi?ce 
of the sane X-ray film employed to determine lag to 
the* lag exposure in the absence of tuny test screen. 
Tht? difference between the background and lag is 
recorded as the net In,-. 
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The preferred phosphor which emits blue light 
is ^COS^O^S^* Stoichiometric amounts of Ta^O-, 
rib 2 0- and Y 2 0, are well blended and then prefired'in 
;. an aluiaina container in air at about 1000°C to about 
1200°C for about 10 to 14 hours. This material is 
then mixed with an ea.ual amount, by weight, of flux. 
In the following exuaples of this composition LiCl 
was used as the flux; however, Li 2 30^ is the prcfprre.d 
10 f j.ux material. The resultant fixture is fired for 4 
to 14 hours at 120C°C. The TNbg 05 Ta Q ^ S Q^ M«- 
structure product in the form of 'a white'Wf ore 
powder is recovered by water leaching, filtering ?nd 
washing and then dried. 

15 la the following examples and experiments 

parts are by weight unless otherwise noted, x-ray 
excites speeds were determined by the procedure des- 
cribed" above and are reported relative to the speed of 
Cronex? Par intensifying screen made with CaWO,. , the 

20 latter being 1.0 on the relative basis. Since ^ 
relative intensities nay vary with the time of 
measurement, the relative intensities reported in 
any of the following tables for compositions being 
compared therein (in any one table) were determined 

25 at substantially the same time. 

Example 1 

rati Q.Q<F*0. CS V 

A. 10.000 g of TagOj, 0.317 3 of Nb ? 0_ cv* 
5.381 g of YgO^ were weighed to the neriest ng ?uid 
30 blended for 30 minutes in a Spex? oscillating-type 
chaicer. This -ixturs was prefircd in :n Al.,0- 
container in air at 1000°C for 14 hours. The^prefired 
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material uas then nixed with LiCi flux (l par t of *prJ-909 
fired material to 1 part of flux) and fired for 4 
hours at 1200°C. The product was recovered by water 
leachir.g, filtering and washing and then dried. The 
5 product (Figure la depicts the electron scanning 
micrograph) was recovered as a white, unifona powder, 
which fluoresced bright blue under UV or X-ray 
excitation, having an average particle size of 4.2 pn 
(as determined with a Fisher 3 * subsievo sizer) and a 
-- surface area of 0.19 « 2 /g (as determined by gas 

absorption) . X-ray diffraction measurements showed 
that it crystallizeJ as a single phase with the M' 
structurf. and the following lattice constants: 

a » 5.2975 A 
•: b - 5.^*35 A 

c - 5. 11C3 A 

P = 9^.^53 dsgrees 

p (X-ray density) = 7.45 r ml" 1 . 
The X-ray excited spectrua is sinilar to that of 
Javv0 4 but peaks at higher energy (409 vs 428 nmj See . 
Figure 5). The X-ray excited speed is 1.85 tines that 
of a Crcncx® Par intensifying screen made with CaKO^. 

B. an> 0>0 gT»Q^gO^ was prepared in a Banner 
identical to that used for part A above except that 
5 the firing at 4 hours was carried out at l600°C, that 
is, above the transition teaspcrature . The particulate 
product was recovered as colorless single-phasa 

^G.OS^O.SJ 0 ^ with the M s ^"cture, es determined 
by X-ray direction, having a particle size of 5.3 ym 
and a surface area of C.15 a a /g. The lattice 
paraaetars v;erc : 

. a * >.3271 A 

b • 10.9ri A 

c * ir-.o^ A 

"j « £f>.52 degrees 

p (X-ray) - 7. 56 g ol" 1 . 
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The X -ray excited speed was 0.84 relative to the n ^l I 909 
Crone** 2, Par intensifying screen 'CaWO,, ). This is to 
be compared with 1.86, found for the M 1 -structure 
material cf the same formula as described in part A 
above, demonstrating the superior performance of the 
M 1 -structure material relative to the M-structure 
material. Differences in the X-ray diffraction and 
the Raman spectra of the M and M 1 materials are shown 
in Figures 2 and Z . 

The procedure of this pan: 2 v/as repeated 7 
except that the flux of part A vac absent and the 
firing temperature war 1500°C. Such procedure is 
representative of known colid state procedures. The 
electron scanning micrograph of the resultant product 
is shown in Figure lb, 

C. ™ b o.05 Ta 0.93°4 v;ith the M * structure, 
made in the manner described in part A above, v: Re- 
converted to M-structure material by heating to a 
temperature of loOO°C for 2 hours. The X-ray excited 
speed for this converted material was O.Sn, again 
demonstrating the superior performance of the IV - 
structure material relative to the K-5tructure 
material. 

Examples 2-6 

YlTb x Ta, _ x O^ 

Compositions with verier amounts of Kb were 
prepared according to the procedure used in Example 1. 
The quantities of the c;J.dcs used in a?ch example are 
shown in Table I. All productc were single ph*-se with 
the W structure. Particle Gizec anr surface areas of 
the phosphor particles are s!*owr. cJ.cn- with the X-ray 
excited speeds. These Example 3 J^monstrate that +.he 
instant process yields phosphors ^f particle size 
between about ? ixa and 10 join and rurface areas of 
about 0.07*3 ra a /s to sbout 0.J 
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5:<. Product 
No. - Composition 

a YTa0 4 

3 Yll Vo05 Ta 0.995°* 

k ^0.02^0. 98°4 

5 ^0.10**0.90°* 

6 ™ 0 .l5 Ta 0.85 0 '* 
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Grams 



Ta 2° 5 


*2°3 


Nb 2 0. 


10 


5.112 


-0- 


10 


5.133 


0.030 


10 


5.216 


0.123 


10 


5.680 


0.56a 


10 


6.014 


1.062 







Phosuhor 


Particles 




10 


Ex. 
No. 


Size 
(sr.) 


Surface 
Area 


X-ray 




2 


" 5-4 


0.15 


i *i •■ 
— •y 




3 


3.0 


0.10 


1.63 


15 




7.3 


0.11 


1.76 




5 


C.9 


0.09 


1.84 




6 


8.9 


0.09 


1.75 




Exa* 


lole 7 







To further demonstrate the higher speed cf 
20 M 1 - structure material over M material, samples of }V 
YTaO^ v;ere prepared according to the procedure of 
Example 1 and then heated in air for 4 hours at the 
temperatures indicated in Table II in order to 
determine the temperature of conversion to M. After 
25 being cooled the s true -cure of each sample was deter- 
mined by X-ray diffraction and its speed as an X-ray 
phosphor wuc ueasured. As shovm in Table II the speed 
drops markedly upon conversion of the phosphor to the 
M structure. 

30 Additional e:rperir.;eiits which were cairied 

out showed chat the* transition temperature for M l to 
M convcroioii ir l&f5 + 5°C. 
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Tsnperature -co 

Wftisii Heaved Structure X -rav S nesa 

1200°C l.oS* 7 " ~~ 

5 1300°C M« 1.05 

14G0°C ' Mi 1>o3 

1500°C- M 0.63 

Examples 6-11 and Sxoericents A and a 

10 Compositions with the M 1 structure were 

prepared in a manner identical to that used fcr 
Example 1. The amounts of oxides used for each 
preparation are shown in Table III. All products 
were single phase with the iV structure. The X-ray 

lb excited speeds are also shown in Table III. Fcr 

comparison Experiments A and 3 show that as y increases 
significantly above. about O.02. that is, above about 

the speed decreases rr.arkedly. The phosphors of 
Experiments a and B are not useful in the invention, 

20 " " ' Ta ble III 

j 



Ex- Product 



Grams 



No. Composition Ta 2°5 



g 5 ^ ■? . Speed 

5 Y O.939 te 0.0C2 TaO 4 10 °- 01 7 5.102 1.72 

2 ^ 3 ^^^o.o^ 0 ;; 10 o- 02 ^ 5.086 1.78 

10 ' Y 0.99^.01 Ta0 ii 10 O- 08 ? 5.061 1.68 

11 Y o.98 Ta o.C2 Ta0 4 10 o-W 5.010 i.39 

EXDt . 
No" 



30 A Vso^C.CS 1 '^ 10 0 '"37 4.856 0.48 
B ^O^^X.lo 7 '-"* 0 ^ 10 °- 8 73 ^.60.1 0.19 



BAD ORIGINAL 



Bxamolea 12-16 0 0 I 1 909 

L ^ Ta 1-x°4 

Compositions with various amounts of Nb were 
prepared according to the procedure used in Example 1 # 
5 The quantities of the oxides used in each example are 
shown in Table IV. All products were single phase with 
the M 1 structure. The X-ray excited speeds are alsc 
shown . 

Table IV 

10 2x. Product ^— ^ g ra g s 

No. Composition 



12 LuNfa o.C05 Ta o.995°4 

13 LuIs-c 00£ Ta 0>98 0 4 

14 misb 005 Ta 0<95 0,, 
13 15 LuNb oa Ta 0#s O, + 

Id Luir«- ~Tz. n q0. 



0.8 J 4 





Ta 2°5 


Nb-O- 


X-Rey 
Soe&d 


10 


11.046 


0.05? 


1.2 


10 


10.S79 


0.1^4 


1.5 


10 


10.5 ; :6 


0.33* 


1.5 


10 


9-991 


0.668 


1.4 


10 


8.BS1 


1.33c 


1.1 


Exoeri 


.T.SI5tS C 


and D 





Y, Tb TaO-. 



Compositions with the M 1 structure were 

20 prepared in a manner identical to that usea for 
Example 1. The amount3 of oxides used for each 
preparation are shown in Table V. All products were 
single phase with the M T structure. For these 
compositions X-ray performance was measured by 

25 exposing a thick l/2 :! (1.27 01a) diameter pellet of 
phosphor to 20 KVp Kb radiation and detecting the 
light output from the phor.phor with an EKE-Genecm 
Inc. 96?5Q photomuitiplier. The jntei-city of amission 
is compared to that from an equal area of a Du Pont 

30 Cronex® Lo-Dose/2 Kaiaacgraphy .Screen i^ade with CaVOj, 
(reported in the tabic as Relative Intensify). Con- 
sidering the reduced sensitivity oi the pbotomultiplier 
to green light veraus hlue and the incieasftd X-ray 
absorption relative tu CoXO^ realisable with an 30 KVp 

Vj X-ray bear., '«:<s"efxccii*ff "sp36u lc expected to be higher 
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than the relative intensity a? measured herein. ^ol 
Crcnex* 4 X-ray riln properly sensitized for green 
light, the effective speed relative to the Cronex® P 
Cronex® 4 screen/film comoination is expected to be 
about twice the relative intensity. Effective Sceed 
is included in Table V along with the other results. 
For comparison Experiment, c shows that the emission 
decreases ac y increases above about 0.1= cr.a Experi- 
ment D shows that emission decreases upon going fron 
the K» structure to the M structure. The M structure 
was obtained by heating U< -structure material 

^;o.995 Tb 0.005 Ta0 4 JsaA - the sace as in Sxanple 18) to 
i600°C for U hours. Tne phosphors of Experiments C 
and D arc not useful in the invention. 
!5 Table V 



10 



20 



25 



E:-.. 
No. 


Prcdvct 
Cosi*3sicion 


V3 


Grains 
Va 2°5 


2 3 


Relative 
Intensity 


17 


V 0. 930^0. 002 Ta0 4 


10 


19.602 


0.033 


1.30 


18 




10 


19.661 


0.082 


1.6? 


19 


Y 0.SS™0.G2 Ta0 <, 


10 


19.962 


0.331 


1-22 


20 




10 


20.592 


0.S55 


1.00 


21 


I fl.90 lb 0.M W, « 


10 


U.736 


1.805 


0.94 


Cscpt, 


* 










Ko. 












. C 


Y 0.*C Tb 0.20 Ta0 H 


10 


24.453 


4.061 


0.42 


D 


Vg&s^o.oos 1 *^ 


10 


19.661 


0.082 


0.43 




0.84 
0.66 



(M structure) 

rxarple s 22-30 and Experiment S 
150 Gd 1-v Tb v TaO i; 

Compositions ;/ith the M« structure wore pre- 
pare? in r. manner identical to that uccd for Sxar.yls 1. 
The aijouivcs o~" oxida used for each preparation are 
show- in Table VI. All products were single chase with 
Z5 + w >e I! 1 structure. For these compositions X-r.vy 
p^rfcr-*rce was measured by the method ussd for 
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Sxar.pies 17-21. The results are ahovn in Table 19 J 1909 
Experiment Z shows that emission decreases as y 
increases above about 0.15 . The phoephor of 
Experiment E is not useful in the invention. 

Table VI 

Ex. Product Relative ^tltl 

Ko^ Coapoaiclon - a 2°3 "V7 <,a 2 b 3 I utenaicv Speed 

11 "o.oge^o.ooz 130 * 10 °- 017 8,189 °- 81 L - 62 

23 "o^o^O.Ol 1 * 0 * 10 °- 085 8 ' 042 °-90 1.80 

24 Cd o.98 Ib o.o2 Ta0 4 10 °- 169 3 * 0 * 2 1,06 : - 12 

25 Gd 0975 Tb 002 .TaO 4 10 0.212 8.001 1.12 2.24 

26 M 0-g7 T& 0 .o 3 Ta0 4 10 °' 25 « 7 - 960 J. IS 2.30 

27 Gd 0.965 ro C.035 Ta0 4 10 °' 29C 7 ' 919 *-3« 
2S Cd 0i96 Tb^ 04 TfcO 4 10 0.338 7.S78 .1.10 2.20 

2S 6d 0 ^ 4 I& 0<06 TaO 4 10 0.50S 7.713 0.82 1.64 

30 Gd c s T6 Q>1 Ta0 4 10 0.846 7.385 C.96 1.92 

Sxpt. 
No. 



Gg 



Gd 0 8 Tb Q 2 Ta0 4 10 i- 692 6 -565 0.43 0.86 

Exar. nle 31 

0.or Tt o.03' I ' a0 ti 

A nlxture of 5^.9 £ of TagO-, 4>.70 g of 
GdgC,. i.i;o t of Tb^Oy and 100.00 g of LigSO^ was 
placed is. sax alumina container and fired at 1200°C 
for 4 hour?. Tho product was recovered by leaching 
and washing and tnen dried. X-ray diffraction 
nreaeurecents on the white product showed that it was 
single phase and had the M' structure. The relative 
istpnsity of omission, measured by the method used 
for Examples 17 -?1, was 1. 3c . This result cay be 
compared to thzz of Exackle 25 which was carried out - 
acco-dins to the procedure of Extmplc 1 which utilized 
both ». prefi^ine ~t« and a firLng step. 
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Gd O.97 Tb 0.03 Ta0 y ' 

A phosphor was prepared using ingredients 
and procedure identical to that of Example "51 except 
that the mixture was fired for 2k hours. The single 
phase M« product gave a relative intensity of emission 
of 1.59, r-.sasured by the method used for Examples 
17-21. 

E xanpies ?3-*:6 

Y G.5 Gd 0.5-y ?b v ? *°* 

Solid solution compositions vyiv.h uhe M« 
structure were prepared in a manner identical to that 
used for Sxariple 1. The amounts of oxide used for 
each preparation are chovn in Table VII. All products 
were single php.se with the M' structure. For these 
compositions X-ray performance was measured b;. the 
method used for Examples 17-23. The results are shown 
in Table VII. 

Table VII 

E~ Prarfurt Grams Effec- 

£■ •position ^T^K^KIIE 

33 Y 0.5 Gd 0.49j" 2 ' 556 4 '°" 0.CM. 10 1.45 2.90 
^O.OOS 1 ' 0 * 

3 * *0.5 Gd 0 49" 2 * 5S6 *' 021 °«0«3 10 1.40* ?l80 

35 Y 0.5 Cd 0.475" 2,556 3 ' 898 °- 207 10 1.02 2.0* 
Tb 0.025 iaO i 

36 T 0.5 Gd 0 AS" 2 ' 356 3693 10 1.10 



0.5 W 0.A5" ■ , • os • , 10 l.io 2.20 

Example ^7 



Lu 0.995 Tb C.OOn TR ^ 

Tliis conpocioicn was prcvn.n :' a. ^ane^- 
identical to that used for Example I, exce.^ that 
10.000 g of T^Oy 3.953 g Of LUgO, avi 0.^41 g of 
Ti" 2 0j -..'ere used. The product v;as single nh«s«. wi:.« 
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the M 1 structure. X-ray performance, that is, the 
intercity or emission, measured by zh*2 r.ethcd uced for 
Ibcasplcs 17-21, was 1.0, " 

Examples 36-40 and Expe r iment P 

5 Y i-y ro v if0 O.O5 Ta 0.95 C U 

In order to dcmonctrate that the intrinsic 
speed of the phosphor cao L»e adjusted by appropriate 
substitutions of elements , various amounxs of Yb were 
substituted for Y in the phosphor with the highest 

10 cpeod measured and reported heroin, namely, YI<b c 
Ta n o -0 2 , y an embodiment of she previously described 
Y?Tb fa-, 0.., The cc.T.rositions with the M 1 structure 
were prepared in a manner identical to that used for 
Exaaple i. The amounts of oxide used for each 

15 preparation are shewn in Table VIII. All products 
wex*e single phase with the M 1 structure. Por these 
compositions X-ray performance was measured by the 
method ur.ed for Examples 17-21. The results are shown 
in -rable VIII along with those for the ^>o.05 Ta 0.a^°U 

20 of Er.ar.pie 1 for comparison. The relative intensities 
of all compositions in the table v;cre measured at 
substantially the seae time. The piiosphcr of 
Experiment F is not useful in tills invention. 

25 
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Ta ble Vii; f, Q | | 9Q9 

1 YNb 0 05" 0 5,381 °- 317 10 1.8 

5 Ta 0.95°4 

38 *O.995 Yb O.0O5- °- 047 5 - 356 °-^ 7 10 1-7 

39 Y 0.?65 Yb 0.035" °' 329 5 - 19: °' 317 - 10 1-4 
" b 0.C: Va 0.95°4 

iO 40 Y q g Y "0 . 1~ 0.939 4.843 0.3.17 10 0 95 

Nb 0.05 Ta 0.95°4 

Expt. 
No. 

F Y 0 . 8^0.2" 1,378 *' 305 °- 3i: 10 °- 31 

!3 Kb 0.05 Ta 0.95°4 

Ex amples ^1-^3 and Experiment G 

Y l-y Gd y IJb Q.05 Ta 0.95 0 ^ 

Gd can also be substituted in the instant 
composition to adjust the phosphor speed . In order 

20 to demonstrate this, various amounts of Gd were 
substituted for Y in the phosphor with the highest 
speed measured and ropcr-ed here in : namely, 
YNb 0 qg?-q 95°^' aD ^bodinicnt of thfi previously 
described ^^^^x^iPk* Tlie CUR P° si t ions with the 

25 IV structure were prepai*ert in a manner identical to 
that used for Example 1. The amounts of oxide used 
for each preparation are shown la Table IX. All 
product.'* were single phase with the M* structure. 
For these compositions X-ray performance was measured 

?0 by the method used for Sxauplss 17-81. The results 
cjre sho;;n in Tabic* IX along with tha results for the 

YN%u O 05^0 o$°k ° r Exru7T ? ie 1 ;or comparison. The 
reJatJ.vfc intensities of all compositionc in the table 
were mfca*ured at substantia My the tame time. The 
if. phosphor of Experiment G is not useful in this 
invention* 
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Table IX 



Ex. Product 
No. Camus itlon 

1 YNb 0.05 Ta 0.95°4 

41 Y 0.99 Gd 0.0r 
Nb 0.05 Ta 0.95°4 

42 Y 0.93 G W 
^0.05^0. 95°i 

43 Vo Gd o.r 

Nb 0.05 TA 0.95°4 

Expt. 
No. 





Grants 




Relative 
Inf ensity 


Gd 0 
2 3 


Y 2°3 


Nb 2 0 5 


Ta O 
ia 2 U 5 


o 


5.381 


0.317 




J. • 7 


0.086 


5.329 


0.317 




1.80 


0.432 


5.114 


0.317 


10 


1.26 


0.864 


4.845 


0.217 


10 


0.83 



G Y rt a Cd. ,- 1.728 4.307 0.317 10 0.52 
N Vo; Ta O.S5°4 

Sxaanles 44-47 and Experiments H and I 

Y i-v I S- Vrp 0.C-. Ta 0.95°4 

Phosphor speed can also be adjusted by 
incorporating La into the phosphor. In order to 
cler.cnstrfcte this, various amounts of La were substi- 
tuted for Y in xhe phosphor with the highest speed 
r.easured and reported herein, namely, ^o.05 Ta O ; 95°i;> 
an ci-bodir.cnt of the previously described ^fo^Tc^^O^ . 
The compositions with the M 1 structure were prepared 
in a manner identical to that used for Example 1. The 
amounts of oxide used for each preparation are shown 
in Table X. All products wore single pi-ase «*ith the 
M 1 structure * For these ccaposit.ions X-ray peifonaance 
was measured by the method used for Examples, 17-2.'-. 
The results ere shown in Table X along vr?th those for 
the YIsb 0 05 Ta 0 of Example 1 for co!»pari:.on . The 

relative intensities of all composition* in the table 
were measured at substantially the f.cx:e time. Thi 
phosphors of Experiments H and I ar« not useful in 
this invention- 
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No. 


Composition 




c 3 




T "2°5 


Re la tive 

In t0nQ *! rv 


1 


YNb 0.05 Ta 0.95°4 


5.381 


0 


0.317 


10 


1.8 


44 


Y 0.9 U 0.l' 
^0 05 Ta 0 95°4 


4.343 


0.77* 


0.317 


10 


1 6 


45 


' f 0.8 U 0.2- 
%.05 Ta 0.95°4 


4.305 


1.553 


0.317 


10 


1.4 


46 


Y 0.7 La 0.3" 
Nb 0.05 Ta 0.95°4 


3.767 


2.?23 


0.317 


10 


3.1 


4? 


Y 0.& U 0.4- 


3.229 


3. 10C 


0.317 


10 


0.9 


Sxpc. 


^o.os^s 0 * 












No. 














H 


Y o.5 L *o. 5 - 


2.690 


3.882 


0.317 


10 


0.6 



"■o.05 T Vm Q 4 
1 Y 0.A U 0.6' 2,152 A - 658 0.3 

"Vcs^o^ 

Example 48 

A. A reflective sucpenrion was prepared by 
Killing the following ingredients in a ball mill for 
a period of about 20 hours: 

Titanium Dioxide 10 o g 

Chlorosuifonated polyethylene iio g 

L-Butyl Aqetate . 10 - * 

Mixed petroleun naphtha 

(Initial Boiling Point 2k7°F 
API grade' of 59-61 m ; 6o°P 
end specific gravity of 0.7>35) 105 g 
Dioc-cyl ester of sodius 

sulfosuccir.ic acid 2 g. 

Tn** laillec suspension was filtered, coated on a 
O.J10 inc.* (O.C25^ en) thick sheet of biaxially- 
cr;nnrv;d polyethylene terephthalate , to a yet 
th-i-Uni-ss of O.O.iO iiich (0.0254 cm), and dried.. The 
cc-'itins procedure was repented ccveral tines. 
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D. A phosphor suspension was prepared by 
billing the following ingredients in a ball sill 
for about 10 hours : 

K'-type Yttrium Hlobiuir. Tantalate 

Phosphor (^ 0 . 0 > Ta o.97°i;) : 42 ? 3 

Polyvinyl Butyral (PVB) Binder 

Solution 172.'+ g. 

The FV3 solution was cor.pr5.sed of the following 
ingredisn zs : 

n-Butyl acetate 154.1 g 

n-Propanol 164.1 g 

Polymeric organic silicone fluid 

(2£ by wt in toluene) 8.1 <r 

Pctsussiuc salt of rrxnoethylphenyl- 

phenolir.onosulf cnic acid 2.2 g 

Glycerol conolaurite 13.5 g 

Polyvinyl butyral (granular, 

intrinsic viscosity C.Sl) 54.0 g. 

This phosphor suspension v/a. c then coated over 
reflective elements which had been prepared as des- 
cribed above in part A. The phosphor layer coating 
weights were varied fron a wet thickness of 0.01 to 
3.03 inch (0.0254 to 0.0762 cm). The screens pre- 
pared in this canner were suitable for use as X-ray 
screens. Each of these screens v;«±s tested by 
exposure, in conjunction witi a portion of conventional 
X-ray fils, to an X-ray unit at So KVp. 2 mAs through 
a 2 x durdniw filter* A step-wedc.e and a resolving 
power -oar get were aJ so placed between the X-^ay source 
and the fil^/screen (in direct contact therewith}. 
£acn file wa3 then developed, fixed auti v/asned in a 
conventional X-ray developing sybtei: and the speed 
znd resolution were deteiiained fcr *ach sacyie. 
I'.nec e ::.t.:*isuj*t?r*entb were also y.zir cu control samples 
•;r.ir.h Uwilir*ed conventional ualciur: \;ung3tawO phos- 
phcrs, *;r.c sonzrji sanpl^s i fc *in*.; prepared ani coated, 
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at similar coating weights, over similar reflective 
layers. For all comparable car..pies the YKb .Ta, ..0..- 
type phosphor screens show improved performance 
over the CaWO^ screens. This can be seen in Figure 7, 
5 where resolution is plotted against the phosphor 
coating weight, and in Figure 9, where the speed of 
the screen relative to Par CaWO^ - 1.0 is plotted 
against the resolution obtained. 

Example 49 

10 A phosphor suspension was prepared by 

nu iling the following ingredients in a ball mill for 
about 6 hours : 

Yttriujf* Hiobiur. Tantalate Phosphor 

( YNb o.o5 Ta o.o 5 ^)- Woo g 

15 Polyvinyl 3utyral (PVE) 3indei 

Solution 2977 .4. 

Thcs FvB solution was comprised of -che following 
ingredients (in weight £): 

n-Eutyl acetate ^0.4 
20 n-Propanoi 40.4 

Polymeric organic silicone fluid 

(2v by wt ix: toluene) 2.0 
Fotassiu? salt of monoethyiphenyl- 

phen olr on o sulfonic acid 0.6 
25 Glycerol sonclaurate 3 .3 

Polyvinyl butyral (granular, 

intrinsic viscosity O.Sl) 13-3. 
The phosphor suspension was then coated over a 
reflective layer which had been prepared a;, described 
30 in part A of Example 48 and which had already been 
coated on respective polyethylene tere.hthf.lcte filz 
supports as described therein. Sever*: iniiviaual 
coatings were rade, varying the wet thi::kn-ss of tj.e 
phosphor frort about 0.C2 to C.0U5 inch (G . '.* : >05 
35 0*11^3 cn) ; Arter drying, e*ch of the lihcrphor 
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inyars v;;i£ ova^.; , with n t^in r.:\';*?e;,iv3 j*ysr 
of a cellulose e$.t3i *- pciyrr.cr end -che screens were 
then baked overnight at about 70°C. The final screens 
prepared in this manner were eminently suitable for 
uie as X-ray screens and were tested as described in 
Exanple *3. When compared to conventional CcWO^ 
screens they produced superior results in speed and 
image sharpness. 
Utility 

The luminescent csterial described above 
is useful aw a phosphor in X-ray intensifying ccreens. 
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iO 



15 



20 



(a) 
(b) 
(c) 
(d) 

(e) 
(f) 



™ b x T *l-x°4 
LuSb x Ta l-x°4 

Y l-y T V a0 4 



Gd i-y Tb y Ta0 < 
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CLAIMS : 

1. An X-ray intensifying screen which includes a 
phosphor as the active component characterised in that 
the phosphor comprises a tantalate having the wonodinic 
M f structure and having one of the following general 
formulae: 

where x is 0 to about 0.15; 
where x is 0 to about 0.2; 
where y is 0 to about 0.03; 
where y is about 0.O0?. to 
about 0.15; 

where y is about 0,001 to 
about 0.15; 

where y is about 0.001 to 
about 0.15. 

?.. A screen according to claim 1 wherein the phosphor 
is a solid solution of the tantaJates (a) ana (b) or of 
(a) and (c) or is a solid solution of at least two of 
the tantalates (d) , (c) end vf ) . 

3. A modification of the invention claimed in claim 1 
or claii" 2 wherein the phosphor comprises one of the 
tantalates. (a) to (f) or (a) to ic) modified ac follows: 

(g) up to 45 mole* pec cont of ths yttrium, 
lutetium or gadolinium in any of the tantalates (a) to 
(f) is replaced with lanthamud; 

(h) up to 15 mole p^x cant of the yttrium, lutetium 
or gadolinium in any of the tantalates (&) to (f) is replaced 
with ytterbium; or 

(i) up to 3f. mole per ce;.c of the ytterium or 
Imetium in any of tha liantuiaLos (a) to (o) is replaced 
with gadolinium. 

4. h screen according tc cJain 1 wherein the phosphor 
is the tantalate of general iormula YMb Ta^. x 0 4 vherein 

x 3*5 0 to 0.15. 
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5. A screen according to claim 4 wherein x is 0.02 
to 0.10/ 

6. A screen according to claiiu 5 wherein the phosphor 
is YNl> 0.05 Ta 0.95°4- 

7. A screen according to any one of the preceding claims 
wherein the phosphor comprises particles of particle size 
from 3 to 10 juru and surface area from 0.075 to 0 - 30Cr.i 2 /c;ran. 
8- A process for nrep*rinci a phosphor for use in the 
screen claimed in any one of Claims 1 to 7 which process 
comprises the svepc: 

(a) intimately mixing stoichiometric quantities 
j of appropriate precursor oxides; 

| (b) prefiring the resultant mixture in air in 

j an inert container -at about 100C°C to about 12C0°C for 
| abwut 10 to about 14 hours; 

i (c> mixing the resultant preficd mixture with 

| a flux selected from Li 2 S0 4 , LiCl and a BaClj/I-iCl eutectic 

mixture., the weight of the flux being 1/5 to 1/2 of the 

total wuigl*t of the mixture; 

(d) firing the flay -containing mixture in an 
j inert containex- at zbout 11C0°C to less than about 
j 1450°C for rt least about 3 hours; and 
! (e) recovering the phosphor. 

j 3. A procccc according to claim 8 wherein the firing 

j of the f I u\-cor. fining mixture* is carried out at ahout 
! 110O°C to avout 13CG°C. 
10. A prcc^a fcr p*v*p&ring a phosphor for use in the 
screen claJneu cny oiie of claims 1 to 7 which process 
ccr.faii.es zl*c b.eps: 

(ai i«irJur.taly mixing stoichiometric quantities 
1 of z*pp: cpnale r^crsev oxides and a flux selected from 
iLi*;>0 /f LJC\ a::., u ^aCi../LiC! cuteetic mir.turo; 

j 
i 

i 

i 
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(b) firing the resultant mixture in an inert 
container ct about 1100°C to less than obont 1450°C for 
at least about 4 hours; and 

(c) recovering the phosphor. 

11. A process according to claim 10 wherein the firing 
is carried out at about 1100°C to about 13C0°C. 

12, A process accord! ny to Claim 10 or Claim .11 
wherein the flux is Li. SO,. 
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